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Abstract: 
Interaction between tannin and bovine serum albumin (BSA) was examined by the fluorescent 
quenching. The process of elimination between BSA and tannin was the one of a stationary state, and 
the coupling coefficient was one, the coupling constant was 2.89×105 (mol/L)-1. The working 
strength between the tannin and the beef serum was hydrophobic one. 
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Introduction 
Tannin, the derivative of polyphenol spreaded abundantly in the floral kingdom is widely used as 
an adstringentia, an antidote and a tanning agent.[1-5] 
After entering into the blood, drugs can be distributed the whole body through blood circulation 
and occurred the pharmacological action. In this course, medical molecules surely combine in 
different degrees with serum proteins (mainly serum albumin). This binding reaction has an 
influence on the acting time and strength of the drug. 
Therefore, study on the interaction of the drug molecule with serum albumin is very significant in 
the drug thermodynamics and the clinical pharmacology. 
There are many reports on the interactions of drugs with human serum albumin (HSA) and BSA, 
but it is difficult to find out the papers on the interaction of tannin with BSA by fluorometry.[5-8] 
In this paper, the binding constants, the number of binding sites and the binding force between 
the tannin and the BSA were determined by applying the fluorescence quenching method to the 
interaction of tannin with BSA. 
 
Instrumentations and Reagents 
Here used were A RF-5000 Spectrofluorophotometer equipped with a 150w xenon arc lamp for 
excitation and UV-2201 ultraviolet visible spectrophotometer using a quartz cell. 
All reagents used were of AR grade. Tannin, BSA and phosphate buffer solution (pH 7.4) were 
used. All aqueous solutions were prepared in doubly deionized water. 
 
Experimental 
The experiment procedures were performed as follows: an appropriate quantity of BSA solution 
and tannin solution were transferred into a 10 ㎖ volumetric flask and phosphate buffer solution (pH 
7.4) was added until the scale and mixed thoroughly mixture.  
The solution was stabilized in the thermostat for 10 minutes and then was measured by 
fluorometer and UV-Vis spectrometer. 
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Results and Discussion 
In the excitation wavelength 280nm, BSA exhibits the fluorescence in the wavelength range of 
300 to 500nm, by the Trp and Tyr in the protein, but the tannin does not. 
While the concentration of BSA was fixed and the one of tannin was gradually increased, 
synchronous fluorescence spectrum was measured in Δλ=80nm (Fig 1). 
 
Fig 1. Synchronous fluorescence spectra of BSA in the presence of Tannin 
(BSA:1×10-6mol/L, 1~4: Tannin: (0, 0.2, 0.4, 0.6) × 10-6mol/L, at 298.15K) 
 
As can be seen from Fig 1, there was no change of the wavelengths of fluorescence peaks, 
whereas fluorescence intensities of BSA decrease according to the increase of tannin’s concentration. 
In the meantime, tannin has no fluorescence emission at range of this wavelengths. This shows that 
there were interactions between tannin and BSA. 
The fluorescence quenching is very important to find out the interaction between the protein and 
the quencher. There are the various fluorescence quenching, such as a static,  dynamic and energy 
transfer quenching. 
To determine the type of fluorescence quenching, the absorption spectra of BSA and the 
difference of absorption spectra between  BSA-tannin compound and tannin were measured. (Fig 2) 
 
 
Fig 2.  Influence of tannin on the absorption spectra intensity of BSA. 
(1: Absorption spectrum of BSA. 2: Difference of absorption spectrum between  
the BSA-tannin compound and tannin. CBSA:1×10-6mol/L, Ctan: 1×10-6mol/L) 
 
As can be seen from Fig 2, BSA has maximum absorbance peak at 220nm and the absorbance of 
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BSA decreased with the addition of tannin. This shows that BSA has an interaction with tannin at the 
ground state and makes a form of coordination compound, thus, the process of decreasing the 
fluorescence intensity of fluorescent material is the static quenching one. Dynamic quenching has an 
influence on the excited state of fluorescent material, but does not change its absorbance spectra. 
The graph according to Stern-Volmer equation was drown by measuring fluorescence spectra of 
BSA-tannin compound at various temperatures while the concentration of BSA was fixed and the 
concentration of tannin was gradually increasing. (Fig 3) 
 
 
Fig 3. Graphs according to Stern-Volmer equation of BSA-tannin compound  
at various temperatures. (CBSA:1×10-6mol/L, 1-20℃, 2-30℃, 3-45℃) 
 
As can be seen from Fig 3, the gradient of plot decreased according to the increase of 
temperature. If fluorescence quenching is dynamic, the gradient of plot equal to product, Kq·τ0 of the 
quenching rate constant, Kq, and the fluorescence lifetime, τ0, in absence of quencher. The 
fluorescence lifetime of organic macromolecule is nearly 10-8s.  
The determined quenching rate constants were showed in Table 1, where the quenching rate 
constants was bigger than the maximum quenching constant of diffuse collision between various 
kinds of quenchers and organic macromolecule, 2.0×1010L/(mol.s), and the one at lower temperature 
is bigger than that at higher temperature. This indicates that fluorescence quenching process of the 
BSA-tannin compound was the static one.  
 
Quenching rate constants / L. mol-1.s-1    Table1 
Temperature/℃ Kq Correlation coefficient 
20 3.68×1013 0.995 
30 3.58×1013 0.996 
45 3.35×1013 0.995 
 
As the fluorescence quenching process was static one, we draw the graph according to the static 
fluorescence quenching equation lg((F0-F)/F)=lgK+nlgCtan (F and F0 is the relative fluorescence 
intensity in presence and in absence of tannin and n the number of binding site and K binding 
constant) and n, the number of binding sites calculated by the gradient of the plot, was approximately 
1. (Fig 4, Table 2)  
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Fig 4.  Plot of lg((F0-F)/F) vis lgCtan at different temperature 
(CBSA:1×10-6mol/L, 1: 20℃, 2: 30℃, 3: 45℃) 
 
Meanwhile, the number of binding sites was determined by molar ratio method on the basis of 
tannin’s quenching action. (Fig 5) 
 
Fig 5. Fluorescence quenching efficiency of BSA according to the concentration of tannin 
 
As can be seen from Fig 5, when the ratio of the concentration of tannin (Ctan) and BSA (CBSA) 
was more than 1, the binding was saturated. This shows that tannin was bound with BSA with the 
ratio of 1:1, that means the number (n) of binding sites of tannin on BSA is 1. The binding constant 
K was determined by using the intercept value on Fig 4 (Table 2). 
 
The binding constant and the number of binding sites  Table 2 
Temperature/℃ K/(mol.L-1) n 
20 2.89×105 1.16 
30 2.53×105 1.07 
45 2.16×105 1.04 
 
From table 2, it can be seen that the binding constant was decreasing while the temperature was 
getting higher. The binding constant of interaction between the tannin and BSA was comparatively 
big, therefore it can be used for the storage and the transport of the protein in body as there was 
rather strong binding force. 
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The binding force of protein with drugs was different according to the various drug molecules. 
The interaction between protein and drugs belong to weak interaction between molecules. If ΔH>0 
and ΔS>0, then it is the hydrophobic interaction, if ΔH<0 and S>0, then the electrostatic, and if 
ΔH<0 and S<0, then the Van der waals and the hydrogen-bonding.[11] 
To determine the sort of binding force, we determine ΔG (ΔG=-RTlnK) of binding reaction from 
the binding constant between BSA and tannin and ΔH (ΔH=(1/T1-1/T2)-1·R·ln(K1/K2) ) of the 
binding reaction from the binding constant K1 and K2 at temperature T1 and T2 and ΔS 
(ΔS=(ΔH-ΔG)/T) of binding reaction. The obtained ΔH and ΔS was 16.7kJ/mol, 148.06J/(mol.K), 
respectively and both were biger than 0, so this indicates the interaction between tannin and BSA 
was mainly the hydrophobic interaction. 
 
Conclusion 
Here discussed was the quenching action of tannin on fluorescence of BSA and found that it  
was static. The BSA and tannin was bound each other mainly due to the hydrophobic interaction 
force and the number of binding site of tannin in range located on the BSA tryptophan residue was 1 
and the binding constant was 2.89×105mol/L. There was no remarkable change on the structure of 
BSA when the tannin was added.  
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